To develop a natural dietary product with functional benefits for diabetic patients. Whey protein concentrate was obtained through the separation membrane processes and sweetened with rebaudioside A. This product was submitted to sensory testing in humans and used to evaluate possible functional properties in male Wistar rats models with diabetes Mellitus induced by streptozotocin.
A B S T R A C T Objective
To develop a natural dietary product with functional benefits for diabetic patients. Whey protein concentrate was obtained through the separation membrane processes and sweetened with rebaudioside A. This product was submitted to sensory testing in humans and used to evaluate possible functional properties in male Wistar rats models with diabetes Mellitus induced by streptozotocin.
Methods
Two concentrates were produced. Only the second showed protein content of 74.3 and 17.3% of lactose was used as supplementation in induced diabetic rats. This concentrate was obtained from the concentration by reverse osmosis system (180 k Daltons), followed by nanofiltration in a 500 k Daltons membrane and spray drying at 5.0% solution of the first concentrate developed. The concentrate was sweetened with rebaudioside A (rebaudioside A 26 mg/100 g concentrate). All procedures were performed at the Center for Studies in Natural Products, at the Universidade Estadual de Maringá. Three experimental groups were established (n=6): two groups of diabetic animals, one control group and one supplemented group; and a control group of normal mice (non-diabetic). The supplemented group received concentrates sweetened with rebaudioside A in a dose of 100 mg/kg bw/day by an esophageal tube for 35 days. Fasting, the fed state and body weight were assessed weekly for all groups. At the end of the supplementation period, the following were analyzed: plasma parameters of glucose, total cholesterol, triglycerides and fructosamine; the serum levels of aspartate aminotransferase and alanine aminotransferase, water and food intake. Organs and tissues were removed and weighed to assess mass and anatomical changes.
Results
The product presented 74% of proteins and 17% of lactose and showed satisfactory sensory testing by the addition of 26 mg of rebaudioside A/100 g concentrate. Supplementation of the product reduced hyperglycemia, plasma fructosamine levels, triglycerides and total cholesterol, and improved body weight gain of streptozotocininduced diabetic rats.
Conclusion
Whey protein concentrate with substantial content of protein (above 70%) and low lactose was obtained through the membrane separation processes. The addition of rebaudioside A at the concentration of 26 mg/100 g rebaudioside A proved to be as sweet as sucralose with satisfactory sensory testing, which indicates that this is a non-caloric natural sweetener that can replace artificial sweeteners. The product (whey protein concentrate sweetened with rebaudioside A) presented important functional properties and reduced the metabolic disorders caused by the syndrome.
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R E S U M O

I N T R O D U C T I O N
In addition to providing energy and nutrition to the body, the current concept that food can prevent and treat diseases has driven the development of functional dietary products.
Whey, the aqueous portion left over when milk is coagulated during the process of cheese production in the production of casein 1, 2 , is a by-product of the dairy industry that may be used to produce whey protein concentrate (whey protein concentrate) and its rate of protein ranges from 35 to 80% 1 . Proteins that constitute whey protein concentrate include β-lactoglobulin and α-lactalbumin, proteose peptone, immunoglobulins, bovine serum albumin, lactoferrin, lactoperoxidase, and some peptides such as glycomacropeptide, which is the source of Branched-Chain Amino Acids (BCAA) 3, 4 .
Athletes and individuals who practice physical exercise are the main consumers of whey protein concentrate as studies have proven its positive effects on the body structure, increase in muscle mass and fat reduction 4, 5 .
Studies have shown that whey protein concentrate has antioxidant potential, insulinotropic, immunomodulating, antiviral and antimicrobial effects, anticancer and anti-ulcer activity, and protects the cardiovascular system 3,4,6-11 , which suggests it may have functional benefits to treat several diseases.
Whey protein concentrate can be obtained through membrane separation methods 12 (ultrafiltration, diafiltration, and nanofiltration) with different cut-off points that result in different types of whey protein concentrate. These processes are based on the selection of particles through membranes pores and depend on pressure gradient. The processes are efficient because less energy is used, no chemical addition is required, no environmental harm is caused and lower temperature and pressure is needed.
Membrane separation processes, although they follow the same principles, have variations and depend on a number of factors. The type and characteristics of the substance that are to be isolated or concentrated must be taken into account when choosing the stages, membranes and how to carry out the process. Thus, several studies have been conducted to increase the quality of whey protein concentrate, improve the processing techniques and minimize problems such as clogging of the membrane pores, foaming, and fouling (the accumulation of unwanted particles that may damage the membrane surface), problems of selectivity and optimal concentration 12 . Studies also aim to reduce costs and develop new technologies to obtain products at larger scales of production to meet the growing demand. Consumers, particularly diabetics, obese or athletes, require whey protein concentrate with higher protein content and lower levels of lactose and other carbohydrates. Protein concentrates available on the market are sweetened with synthetic sweeteners such as sucralose and acesulfame-K, influencing the natural taste of whey protein concentrate. The plant Stevia rebaudiana Bertoni is known for having high sweetening compounds, among which are rebaudioside A 13,14 , a diterpene glycoside composed of four β-D-glucopyranose units bonded to aglycone steviol 15 (450 times sweeter than sucrose) 16, 17 presents higher stability and solubility 18 , and lower bitter aftertaste. In addition to these important organoleptic properties 19, 20 , these non-caloric natural sweeteners
Rev. Nutr., Campinas, 29 (1) 19, 20 and may add functionality to foods or beverages.
The aim of the study was to develop a natural dietary product that can add functional benefits to diabetic patients. Whey protein concentrate at high protein concentration was obtained through membrane separation processes and sweetened with rebaudioside A. Sensory testing was carried out with humans and used in diabetic rat models to assess the functional properties.
M E T H O D S
The study was conducted at the Universidade Estadual de Maringá (UEM). The processes to obtain whey protein concentrate and pure rebaudioside A, quantification of lactose, fixed mineral residue assessments (ash), pH and soluble solids (°Brix) and sensory tests were conducted at the Center for Studies in Natural Products (Nepron) of the Department of Biochemistry, following the methodology described in the literature 12 . The quantification of total protein and total lipids was performed at the Laboratory of Food and Water of the Department of Chemistry. The animal experiments and analyses to evaluate the functional properties of whey protein concentrate sweetened with rebaudioside A were performed at the Department of Physiological Sciences.
The whey was provided by the dairy producer Flora Milk (Flórida, Paraná, Brazil). Rebaudioside A was obtained by extraction, isolation and purification of the Stevia Redaudiana leaves of the clonal variety M1 Alvarez grown at UEM. The materials, followed by the manufacturers, were as follows: polyethersulfone membranes (Koch), 500 k Daltons (kD) membrane (Millipore), reagents for chemical and chromatographic analyses (Sigma-Aldrich Co.LLC, São Paulo, Brazil), rodent chow (Nuvilab, Nuvital Company, São Paulo, Brazil), streptozotocin (Sigma), and specific kits for the quantification of the plasma parameters (Gold Diagnostica ® Ltda, Belo Horizonte, Minas Gerais, Brazil).
The system consisted of two membrane polyethersulfone filters (10- The process to obtain the whey protein concentrate was similar as the one described by Baldasso et al. 12 , which included the stages of ultrafiltration, diafiltration, and nanofiltration and spray drying. The ultrafiltration and diafiltration processes were performed using two polyethersulfone membrane filters (10-kD cut off) in a spiral configuration in parallel totaling an area of 3,5 m 2 . The reverse osmosis system used to obtain the concentrate consisted of two 180-kD cut-off membranes through nanofiltration using 500-kD membrane in a spiral configuration with an area of 3.5 m 2 and 0.3 m 2 , respectively. Both membranes were made of polyamide. Whey protein concentrate was dried in an atomized spray dryer using input temperature of 170ºC and output of 105ºC and flow rate of 8 mL/minutes.
The quantification of total proteins and total lipids of whey protein concentrate was performed in accordance with the Association of Official Agricultural Chemists (AOAC) 21 method, 16 th edition. The lactose concentrations were determined by high-performance liquid chromatography using a liquid chromatograph coupled with a refractive index detector and 5-µ NH 2 column measuring 150x4.6 mm, mobile phase of acetonitrile and water (80:20 v/v). The assessments of fixed mineral residue (ash), pH and soluble solids (°Brix) were performed in accordance with the method of the Adolfo Lutz Institute 22 . All analyses were made in triplicate.
Rebaudioside A was obtained through extraction, isolation and purification of Stevia rebaudiana leaves of the clonal variety M1 Alvarez grown at Nepron, using the method developed by laboratory researchers 23 .
The sensory tests of the potential of rebaudioside A sweetness when added to whey protein concentrate were performed by humans, after approval of the Research Ethics Committee at UEM (CAAE 18718013.3.0000.0104). Different compositions at different concentrations of rebaudioside A were tested with the purpose of find one that had the sweetness equivalence of sucralose, the most common commercially available synthetic sweetener used in whey protein concentrates.
The concentration of rebaudioside A was established based on previous tests used in the composition of other products at Nepron and in the literature 16 . Fifteen trained tasters of both sexes, with ages between 20-55 years, specialized in evaluating the sweetness of sweeteners were invited to participate. The duo-trio test was used for sensory assessments 24 .
The tasters were taken to individual cabins in a brightly illuminated (white light) room and received three coded samples, a standard one (whey protein concentrate + sucralose) and two with random numbering (whey protein concentrate + rebaudioside A and whey protein concentrate + sucralose), which were presented in different positions. The tasters were instructed to fill out a form and drink mineral water before tasting each sample. The results were submitted to the statistical tests (Analysis of Variance [Anova] and Tukey). The animals, 50 days old and weighing 242,5 g, in a 12-hour fasting state were anesthetized with thiopental sodium (40 mg/kg body weight, ip) and diabetes was induced by a single intravenous administration of streptozotocin (40 mg/kg bw) dissolved in citrate buffer (0.05M; pH 4.5) 25, 26 .
The animals that showed blood glucose levels equal or higher than 140 mg/dL in the fasting state and equal or higher than 250 mg/dL in the fed state were selected 27 . The levels of fasting blood glucose, blood glucose in the fed state and body weight, recorded for 3 days, were used to separate the two groups of diabetic animals so that each presented similar degrees of disease severity before starting treatment. The animals were divided into three experimental groups (n=6 for each group): two groups of diabetic animals with one control and one supplemented, and one normal control group.
The one supplemented group was administered, through an esophageal tube, whey protein concentrate (100 mg/kg/day) sweetened with rebaudioside A (26 mg of rebaudioside A/100 mg of whey protein concentrate diluted in water) for 35 days. The dose and supplementation period was established in accordance with the literature [9] [10] [11] . The animals in the one control and one normal control group groups underwent the same procedure, but they only received water. Body weight, fasting glucose and blood glucose in the fed state were recorded weekly.
After 35 days of supplementation, the glycemic curve was determined and the glucose tolerance test was performed 28 . To determine the 12-h glycemic curve, blood samples were collected at 6 p.m. and the animals were in a 10-hour fasting state. The animals were then fed (ad libitum) and new blood samples were collected at 8 p.m., 10 p.m. and 6 a.m. The animals were kept in 12-hours overnight fasting state for the glucose tolerance test and received an oral glucose overload (1.5 g/kg body weight) after determing blood glucose at time zero. New blood samples were collected after 15, 30, 60, 90 and Rev. Nutr., Campinas, 29(1):125-137, jan./fev., 2016 Revista de Nutrição http://dx.doi.org/10.1590/1678-98652016000100012 120 minutes. All blood samples were taken by caudal puncture and the glycemic levels were determined using a glucometer.
Thirty-five days after the completion of treatment, the animals were placed in individual metabolic cages to record food and water intake for 24 hours.
The animals (12-hours overnight fasting) were anesthetized with thiopental sodium (40 mg/kg body weight, ip), submitted to median laparotomy and blood samples were collected through the inferior vena cava and transferred to tubes to obtain the serum and plasma samples for biochemical tests. Euthanasia was performed by anesthetic overdose, followed by immediate removal and weighing of retroperitoneal and periependymal fat, gastrocnemius and soleus muscle, testicles, seminal vesicles, kidneys, liver and spleen.
The plasma levels of glucose, total cholesterol, triglycerides and fructosamine and serum levels of aspartate aminotransferase and alanine aminotransferase were quantified in a spectrophotometer using specific kits (Gold Analisa).
The results of all the physical-chemical analyses, sensory tests and physiological parameters were expressed as mean ± standard error of the mean and submitted to Anova followed by Tukey's test (p<0.05) due to normal distribution and because these tests are used in this type of study 4, [9] [10] [11] 28 . We used the Statistical Analysis System (SAS, Institute Inc., Cary, North Carolina, United States, 2006) statistical software version 9.1 and GraphPad Prism 5.0 program (Prism Software ® , Inc., La Jolla, California, United States).
R E S U L T S
Whey (thousand liters) was pasteurized and skimmed and the initial concentration of protein was 0.5% and 6°Brix ultrafiltration was performed until obtaining a 75% reduction of the initial volume. At the end of the process we obtained the concentrate and permeate, which was discarded. During diafiltration, 400 L of distilled water were added to the system, followed by nanofiltration and sample drying (20 L) in a spray dryer.
Thus, the first 800 g of dried protein whey concentrate was obtained. The physical-chemical analyses of the concentrate showed a protein content of 58.0% and lactose content of 24.0%. To obtain a concentrate with higher levels of protein and lower lactose concentration, the whey protein concentrate sample was nanofiltrated (500-kD polyamide membrane) and diafiltered. Fifteen diafiltration cycles were required (at 35°C) and 2 L of distilled water was added to each cycle. At the end of the process, whey protein concentrate was collected for the drying process. The °Brix and pH of the concentrate was 20 and 6.5, respectively. This stage occurred until obtaining a concentrate volume that is 50.0% of the initial volume. The spray drying process was carried out with 600 mL of whey protein concentrate and a mass of 60 g was obtained.
The final whey protein concentrate product presented a protein content of 74.3% and lactose content of 17.3%.
The standard amount of sucralose to sweeten the protein concentrate was 13 mg/100 g of whey protein concentrate. The sensory test of sweetness equivalence between sucralose and rebaudioside A showed that only twice the quantity of rebaudioside A (rebaudioside A 26 mg/100 g of whey protein concentrate) was sufficient to promote sweetness similar to sucralose, which differs from the results found by Cardoso et al. 29 . The statistical analyses showed that at this concentration the tasters did not find any significant differences between the samples with sucralose and rebaudioside A. This composition was used for the supplementation of the experimental animals to assess the functional properties. Figure 1 shows the development of body weight. The diabetic animals that received supplementation with whey protein concentrate sweetened with rebaudioside A (one supplemented group) gained significantly less weight (<0.05) than the diabetic control animals (one control group), showing levels closer to those observed in the normal animals (one normal control group group), as it can be seen by area under the curve values shown in detail in Figure 1 .
Fasting blood glucose (Figure 2A ) recorded daily during the supplementation period showed that the one supplemented group presented lower glucose levels than the one control group, with significant differences (p<0.05) after 28 days of supplementation when compared to the one control group. The area under the curve values (detail in Figure 2A ) prove the condition of hyperglycemia in the diabetic animals and, although lower levels were found in the one supplemented group, these were not different from those in the one control group. With regard to glycemia in the fed state ( Figure 2B ), the animals in the one supplemented group always presented lower glucose levels than the animals in the one control group. These differences were significant after the 14 th day of supplementation (p<0.05), but no significant differences were found in the area under the curve values (detail in Figure 2B ).
The glucose levels observed during oral glucose tolerance test are shown in Figure 3 . The beneficial effect of supplementation was observed because all recorded blood glucose levels were lower in the one supplemented group when compared to the one control group, with significant differences (p<0.05) at times 0, 15 and 30 minutes. The area under the curve values (detail in Figure 3 ) did not show significant differences between the groups of diabetic animals.
The glycemic curve is shown in Figure 4 . The glucose levels in the normal animals (one normal control group group) showed little variation at different times, which did not occur with the diabetic animals. As for the effects of supplementation, the animals in the one supplemented group showed significantly lower glucose levels in the fed state (p<0.05), 2 and 4 hours after food supply (blood samples collected at 8 p.m. and 10 p.m.). The area under the curve values (detail in Figure 4 ), although lower in the one supplemented group, did not differ significantly from the one control group. The diabetic rats in both groups (one control and one supplemented) presented polydipsia and polyphagia, which are characteristics of the streptozotocin-induced diabetic condition. However, with regard to the effects of supplementation with whey protein concentrate sweetened with rebaudioside A on food and water intake, no significant differences were observed in the one control and one supplemented groups (non-sampled data).
The metabolic parameters assessed at the end of supplementation confirmed previous results, with significant reduction in hyperglycemia in the supplemented group, which beneficially reflected on the fructosamine levels, lower in the one supplemented group (p<0.05) and closer to the levels found in the one normal control group group. Significant reduction (p<0.05) was also found in total cholesterol and plasmatic triglyceride levels. Aspartate aminotransferase and alanine aminotransferase levels did not statistically different between the one control and one supplemented groups ( Table 1 ).
The weight of periepididymal adipose tissue, gastrocnemius and soleus muscles, kidneys, liver, seminal vesicles and testicles did not differ between the one control and one supplemented groups (non-sampled data). Significant weight differences (p<0.05) were found for the retroperitoneal fat and supplementation resulted in the reduction of adiposity (1.00±0.09 g) when compared with the diabetic control rats (1.45±0.09 g).
D I S C U S S I O N
Ultrafiltration of whey favored protein concentration and removal of salts. The concentration factor at this stage was 6.6, similar to the results found by Baldasso et al. 12 . This process resulted in a product with 58% of protein and 24% of lactose, similar to the results found by Ramos et al. 30 .
A new stage of concentration with a greater number of diafiltration cycles increased the rate of protein and reduced lactose content, corroborating the results of Pagno et al. 1 and Yee et al. 31 , who state that the number of diafiltration cycles may proportionally increase the concentration of protein. The whey protein concentrate was spray dried at 105°C, which is in agreement with Fang et al. 32 who investigated the effect of the spray drying conditions on whey protein and concluded that solubility of proteins is higher at temperatures between 77°C and 107°C and denaturation decreases.
Different compositions of whey protein concentrate sweetened with different concentrations of rebaudioside A were prepared. Sensory tests assessed the compositions and compared whey protein concentrate sweetened with sucralose. Tests showed that a two-fold increase in the concentration of rebaudioside A promoted excellent sweetness to the whey protein concentrate without significant differences between the two sweeteners. This concentration is lower than the one found in the literature that suggests 5-6 times more stevia and stevioside extracts to obtain the sweetness equivalence of sucralose 29 . This is the first study that evaluates the addition of rebaudioside A as a sweetener for whey protein concentrate, which proved to be an excellent replacement for artificial sweeteners, with a higher sweetness perception than other stevia sweeteners.
Whey protein concentrate sweetened with rebaudioside A has been tested in diabetic animal models to assess the functional properties of the supplement for people with diabetes Mellitus. Prolonged hyperglycemia of patients provokes multiple disorders, causing failure of multiple organs 33 . The streptozotocin-induced model of diabetes in rats causes similar metabolic changes to type 1 diabetes Mellitus 33, 34 . The diabetic animals in the present study presented hyperglycemia, reduced body weight gain, polydipsia and increase in plasma levels of fructosamine, confirming the effectiveness of the drug in establishing the diabetes model. The daily dietary supplementation with whey protein concentrate sweetened with rebaudioside A (100 mg/kg body weight) for 35 days was efficient in mitigating the metabolic disorders resulting from this condition.
The lack or reduction of insulin action, a characteristic of diabetic individuals, causes serious alterations in the metabolism of carbohydrates, proteins and lipids, leading to loss or reduction of body weight 35 . The supplemented group of diabetic animals showed significantly greater body weight gain than the diabetic control animals, with levels closer to those found in the normal animals. Studies have shown that weight increase in individuals who consume whey proteins is associated with increased muscle mass which, in turn, depends on the profile of amino acids and proteins in these supplements 35 . Increase in weight gain cannot be explained by the data on the weight of organs and tissues that were assessed in this study, nor by the lower lipase activity or increase in lipogenesis and deposits of retroperitoneal adipose tissues, as these deposits were significantly lower in the treated diabetic animals. Studies have shown that supplementation with amino acids, particularly BCAA, affect metabolic processes that result in the reduction of body fat 35 . In type 1 diabetes, body fat reduction may, however, not be beneficial and the effect should be further studied.
The results in blood glucose reduction obtained in this study are in agreement with studies available in the literature 3, 7, 36 . Research involving diabetic humans and animals has shown that proteins present in protein concentrate decrease plasma glucose levels and present significant insulin tropic effects 4, 37, 38 . Rats in the one supplemented group showed a reduction in fasting glucose and in the fed state. They also showed improved metabolic control in the glycemic curve analysis and glucose tolerance test, which can be confirmed by the plasma levels of fructosamine. The reduction in the fructosamine levels proves that the metabolic control in the supplemented diabetic animals is better than in the diabetic controls.
The supplemented animals showed lower total cholesterol levels than the diabetic animals in the control group and similar results were found by Zhang et al. 39 . This reduction may help prevent cardiovascular diseases. Reduced triglyceride levels were also found in the supplemented animals. Mortensen et al. 40 has also found lower triglyceride levels after consumption of whey protein.
C O N C L U S I O N
The membrane separation processes and other methods described in the study were efficient to obtain whey protein concentrate with 70% of protein content. Whey protein concentrate sweetened with rebaudioside A 26 mg/100 g provided sweetness equivalence of sucralose and satisfactory sensory perception, showing that this non-caloric natural sweetener can replace artificial ones. The product (whey protein concentrate sweetened with rebaudioside A) presented important functional properties in the metabolic control of diabetic rats. 
